Docket No.: 028987.52416US 

METHOD AND APPARATUS FOR MOVING A 
MULTIPART SLIDING ROOF FOR A MOTOR VEHICLE 

BACKGROUND OF THE INVENTION 

[0001] This application claims the priority of Application No. 102 35 901.6. filed 
in Germany on August 6, 2002, the disclosure of which is expressly incorporated 
by reference herein. 

[0002] The invention relates to a method of moving a multipart sliding roof for 
a motor vehicle, as known, for example, from German Patent Document DE 199 
41 984 Cl (corresponding U.S. Patent 6,443,520). This known multipart sliding 
roof has a first angularly moved roof section and at least a second and third roof 
section movable in the longitudinal direction of the vehicle, for the positioned 
closing and opening-up of a roof opening. These movable roof sections are 
followed by a fourth fixed roof section. The movable roof sections and the wind 
deflector can each be controlled separately in order to implement different roof 
openings. 

[0003] The method and apparatus according to the invention provides different 
possibilities of controlling the individual roof sections and the wind deflector, 
which results in a correspondingly coordinated movement of the individual roof 
sections in order to increase the safety of the vehicle occupants and, for example, 
ensure a limitation of the closing force. 

[0004] As a result of the additional measures described herein and in the 
claims, advantageous further developments and improvements of the method 
according to the invention can be achieved. Thus, when the roof elements are 
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constructed as transparent components, a sun blind can additionally be provided 
which also, in addition to the inherent control by way of an assigned switch, 
during the operation of the roof modules, is moved into an open position by way 
of a restricted control. It is therefore avoided that at high speeds the sun blind is 
exposed to excess stress when the roof is open. 

[0005] The coupling of the drive for the wind deflector with the drive for a first 
roof section to be opened permits a minimizing of the noise -caused stress. 

[0006] The providing of a rotary switch for the selection of the individual 
possible roof positions has the advantage that any roof position can be switched 
by means of a single switch. The individual switching points are arranged such 
that the different conditions are present for a movement of the individually 
movable roof sections in a position to be entered sequentially in a logical manner. 
The rotary switch advantageously has discrete haptic switching points for 
defined positions. 

[0007] Further details of the invention are illustrated in the drawing and will 
be explained in the following description. 

[0008] Other objects, advantages and novel features of the present invention 
will become apparent from the following detailed description of the invention 
when considered in conjunction with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0009] Figure 1 is a schematic view depicting an arrangement for the cabling 
and controlling of a multipart sliding roof of a vehicle according to preferred 
embodiments of the present invention; 

[0010] Figure 2 is a view of a rotary switch for the controls of the multipart 
sliding roof depicted in Figure 1; and 

[0011] Figures 3A-3F are respective schematic sectional views of various 
positions of a multipart sliding roof which can be achieved with the apparatus 
and methods according to preferred embodiments of the present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 
[0012] Figure 1 is a basic diagram of the arrangement of the individual 
components for controlling the multipart sliding roof, in which case, for reasons 
of clarity, the ratios of sizes were not taken into account. The vehicle and the 
vehicle roof respectively are shown here only schematically in the form of 
rectangles, the rectangle 10 representing the roof of the vehicle. A multipart 
sliding roof 11 is integrated in the vehicle roof 10, which sliding roof 11 includes 
a wind deflector WA, a first sliding roof part SD1 movable in a longitudinal 
direction, and a second sliding roof part SD2 movable in a longitudinal direction. 
These movable roof sections are followed by a fixed roof section FD, which is 
illustrated as a section indicated by a broken line in Figure 1. 
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[0013] All roof sections may also have a transparent construction. In this case, 
a sun blind R, which is shown in Figures 3A to 3F, is arranged below the 
multipart sliding roof. This sun blind R is controlled by a rocker-type key 12 
which has four different switching points. These four different switching points 
consist of two switching points Al and A2 for the OPEN position and two 
switching points Zl and Z2 for the SHUT position. This means that a closing of 
the switching contact Al causes a movement of the blind as long as the rocker 
key 12 is operated, while a continued movement of the rocker key beyond the 
switching point Al to the switching point A2 causes a movement of the sun blind 
without the requirement that the rocker switch 12 has to be operated 
continuously. For a closing of the sun blind R, the same applies analogously to 
the switching points Zl and Z2. An operation of the switching contact Zl, by 
means of the so-called "keying" function, causes a blind movement, as long as the 
rocker key 12 is being pressed. The switching point Z2 is called a "tipping" 
function and, after an operation, causes an automatic movement of the sun blind. 
Each of these described movements for the opening or closing can be stopped by 
another operation of the rocker key 12. 

[0014] The multipart sliding roof 11 is controlled by way of a rotary switch 20. 
This rotary switch 20 is connected with a control unit 14 which is operable to 
detect the position of the individual parts of the multipart sliding roof before the 
operation of the rotary switch 20 and, on the basis of a new selected switching 
position of the rotary switch 20, triggers a corresponding control of a motor Ml 
for the first sliding roof part SDl or of a motor M2 for the second sliding roof part 
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SD2. The motor Ml for controlling the first sliding roof section SD1 is 
mechanically also coupled with the wind deflector WA, so that an opening of the 
first sliding roof section SDl automatically also results in an adjusting of the 
wind deflector WA. During a triggering of the motor Ml for the opening of the 
first sliding roof part SDl, a tilting of the wind deflector WA therefore takes 
place at the same time in a restrictedly controlled manner. In this case, the 
slope of the wind deflector WA, as a function of the opening width of the first 
sliding roof section, is controlled such that a completely open first sliding roof 
section SDl causes a maximal tilting of the wind deflector WA. 

[0015] The control unit 14 is connected with the supply voltage UB of the 
battery of the vehicle and is linked with additional control units of the vehicle 
and/or sensors for detecting the operating condition and receives, for example, by 
way of a CAN bus, additional information required for controlling the multipart 
sliding roof. Thus, it becomes possible, for example, to analyze the information of 
a sun sensor not shown here or of a rain sensor not shown here and, when a 
permissible sun radiation is exceeded, operate the sun blind SR or, at the start of 
rain, close the multipart sliding roof. Furthermore, the control unit 14 
coordinates the controlling of the three driving motors Ml, M2 and MR in order 
to prevent a jamming in the case of a superimposed time sequence of the 
individual movable roof parts. 

[0016] Figure 2 shows the rotary switch 20 for the selection of the different 
positions of the multipart vehicle roof. The illustrated rotary switch 20 shows 16 
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positions which can be preselected, six positions A to F being defined as preferred 
positions which are provided as hap tic switching points. However, this 
illustrated construction of the rotary switch 20 is only one possibility of selecting 
various opening positions. It also contemplated according to other preferred 
embodiments that, in a simplified form, different selection positions are 
eliminated or that individual positions are combined. Before the multipart 
sliding roof is released for a movement, various conditions, which have to be 
present, are defined in the control unit 14. Otherwise, the control unit 14 will 
not release the movement. One of these conditions is the querying of the 
ignition. Only if the control unit 14 recognizes an ON ignition, will a release 
signal to the driving motors take place. 

[0017] Figures 3A-3F indicate six different opening positions of the multipart 
sliding roof of the vehicle. Here, the respective Figures 3A to 3F correspond to a 
preferred position A to F of the rotary switch 20 from Figure 2. In Figure 3A, 
which corresponds to the switching position A, the wind deflector WA, the sliding 
roof 1 SDl, the sliding roof 2 SD2 and the sun blind R are closed. When the 
rotary switch 20 is now moved from position A to position B, the wind deflector 
WA opens in such a manner that it takes up an inclined position, as illustrated 
in Figure 3B. The controlling of the opening angle can take place here as a 
function of the vehicle speed. 

[0018] During a continued rotation of the rotary switch 20 to position C, the 
sliding roof part 1 SDl opens in such a manner that it is lifted out of its closed 
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position and subsequently moves toward the rear over the sliding roof part SD2. 
Simultaneously, the blind R opens so wide that it, in turn, opens up at least the 
now exposed roof opening so that the opening positions exist according to Figure 
3C. When the switch 20 is moved further in this direction to position D, the 
opening form of the multipart sliding roof will exist which is shown in Figure 3D. 
This means that the wind deflector WA is adjusted and the two sliding roof parts 
SDl and SD2 are in the open position. In this case, the first sliding roof section 
SDl is moved over the fixed roof FD and the sliding roof section SD2 is moved 
under the fixed roof FD of the vehicle. The sun blind R is also again restrictedly 
controlled if it has not already been moved by the driver by operating the switch 
12 into the corresponding open position. In addition, a function may also be 
integrated here which closes by a definable amount the second sliding roof 
section SD2 again from the completely open position when the vehicle speed is 
above a defined threshold. As a result, unpleasant rumbling noises in the vehicle 
interior can be avoided or at least reduced. 

[0019] The described switching positions A, B, C and D are situated in one 
rotating direction of the switch 20 and provide the logical sequence of movements 
of the individual roof sections, starting from the closed roof 3 A to the completely 
open roof 3D. Corresponding to a logical sequence, here first the wind deflector 
WA, then the first sliding roof section SDl and subsequently the second sliding 
roof section SD2 are opened. During the closing, the control takes place in the 
reverse sequence. This means that, when the rotary switch 20 is moved from the 
switching position D into the switching position A, first, the sliding roof section 
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SD2 is closed, then the sliding roof section SDl and finally the wind deflector 
WA, in which case the controlling of the first sliding roof section SDl and of the 
wind deflector WA takes place on the basis of the joint driving motor such that 
the two components reach the closed position approximately simultaneously. 

[0020] When, starting from position A, the rotary switch 20 is moved into the 
other rotating direction, at the switching position E, a lifting of the second sliding 
roof section SD2 takes place into a lifted position as shown in Figure 3E. 

[0021] The switching position F causes an opening of the second sliding roof 
section SD2 in such a manner that, starting from the lifted position of the second 
sliding roof section SD2, first the second sliding roof section SD2 is lowered and 
is subsequently moved under the fixed roof FD of the vehicle as shown in Figure 
3F. Optionally, in switching position F, the wind deflector WA can also be 
adjusted, which is indicated in Figure 3F by indicating the wind deflector by a 
broken line. The sun blind is simultaneously moved into an open position. The 
following should be stated concerning the switching position F (Figure 3F). 
When the rotary switch is switched directly from the switching position A 
without any intermediate stopping of the rotary switch 20 to position F, this will 
be detected by the control unit 14 and the passing through the switching position 
E (Figure 3E) remains insignificant. The above applies to all switching positions 
to be taken up. When detecting a switching operation at the rotary switch 20, 
the control unit has all information available concerning the momentary 
positions of the individual roof sections, and, starting from the "starting 
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situation" and the now desired roof position, it will determine the respectively 
safest and fastest manner of controlling the individual driving motors. This 
means, for example, that, starting from switching position D (Figure 3D) as the 
"starting position" and in the case of a desired end position F (Figure 3F), the 
second sliding roof section SD2 remains in the open position, while the first 
sliding roof section SD1 and the wind deflector WA are closed. 

[0022] The control unit 14 coordinates the movements of the individual sections 
of the multipart sliding roof. In the case of an immediately successive operation 
of the switch for the sun blind and of the switch for the full-size roof, the control 
unit has every momentary position of the roof paths stored in memory and will 
then, successively or in an overlapping manner relative to time, initiate a 
movement into the selected end positions. In this case, it may happen that an 
already initiated movement of the sun blind is stopped; then the roof section or 
sections are moved into their end position; and subsequently the movement of 
the sun blind is resumed. 

[0023] Figure 2 shows additional switching points between the six preferred 
positions, which switching points each determine only a partial taking-up of the 
end position. As a result, it becomes possible, for example, to open the first 
sliding roof section SD2 only partially. Since the wind deflector and the first 
sliding roof section SD 1 are mechanically coupled, it becomes possible to 
eliminate the switching position B as a preferred haptic position, which only 
opens the wind deflector WA. 
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[0024] As initially mentioned, various blocking functions are available for the 
control. Thus, the sliding roof SDl cannot be opened when SD2, as in position E 
(Figure 3E), is in the lifted position. 

[0025] The sun blind should not be set in the open roof section, so that the sun 
blind is also moved into an open position without the operation of the switch 12, 
when one of the sliding roof sections SDl or SD2 is opened. 

[0026] As another comfort function according to certain preferred 
embodiments, it is contemplated to provide an external operating unit, for 
example, at the ignition key, which permits the ventilation of the vehicle, 
particularly when the vehicle interior is overheated. 

[0027] The foregoing disclosure has been set forth merely to illustrate the 
invention and is not intended to be limiting. Since modifications of the disclosed 
embodiments incorporating the spirit and substance of the invention may occur 
to persons skilled in the art, the invention should be constructed to include 
everything within the scope of the appended claims and equivalents thereof. 
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